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Ann. Rept. Kansai Pl. Prot. (56): 17-20 (2014) The outbreak of powdery mildew disease in greenhouse tomatoes first occurred in 1998 (Kashimoto et al., 2003) .
Since then, tomato plants have commonly suffered from this infection. We have examined the pathogens and traced their successional changes in greenhouse tomatoes. We used both direct and consecutive observation of conidiogenesis induced by the pathogens using a high-fidelity digital microscope and inoculation of the isolated pathogens into tester plants involving both common and wild tomato plants.
The digital microscope was applied to pathogens living on leaves without any fixation or staining (Matsuda et al., 2005) , allowing us to collect living conidia that formed on conidiophores after observation. We next examined the infectivity of isolated single conidia. Some lines of wild tomato species were used to evaluate the infectivity of the isolated powdery mildew pathogens (Lebeda et al., 2002; Lindhout et al., 1994) . In our routine cultivation, a highly susceptible commercial tomato cultivar (Solunum lycopersicum, cv. Moneymaker) and three wild tomato lines (S. peruvianum LA2172, S. arcanum LA1351 and S. hirsutum LA1777) were rotated in the same greenhouse, and the pathogens naturally infecting the susceptible plants were tested for their survival or extinction on wild tomato plants. Wild tomato seeds were obtained from the TGRC (Tomato Genetic Resource Center, CA, USA). Using these methods, we obtained an isolate (KTP-02) of Oidium neolycopersici (Seifi et al., 2012) that could be distinguished from the original prevailing pathogen (KTP-01) (Kashimoto et al., 2003) . In this study, we also described the isolation of powdery mildew pathogens (KTP-03 and -04) from each other and other pathogens. We targeted conidiophores for digital microscopic specification because conidial pseudochains on conidiophores can easily be detected (Oichi et al., 2006) . Pseudochain formation was common in the tomato powdery mildew pathogens (Jones et al., 2001; Kiss et al., 2001) , and the number of constituent conidial cells in the pseudochains were inherited by the progenies (Nonomura et al., 2009; Oichi et al., 2006) . 
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Summary
Successional changes in powdery mildews prevailing in greenhouse tomatoes were examined during the rotated cultivation of susceptible and resistant hosts. The pathogens, forming eight-conidial pseudochains, were separated from pathogens forming four-conidial pseudochains and dominated throughout the planting of resistant wild tomato plants. These pathogens were identified as KTP-03 and -04 of Oidium neolycopersici.
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関西病虫研報 （56） 2014 mycological and phytopathological characteristics. A total of 200 leaves forming single colonies were collected and excised at the petiole site, and the edge of the petiole was covered with a moistened cotton mesh. The leaves were placed in a Petri dish and incubated in a growth chamber for 7 days at 25 ± 1°C and 50-70% RH under continuous illumination of 4,000 lux. These conditions allowed the pathogens to produce conidial pseudochains (Nonomura et al., 2009; Oichi et al., 2006) . Pseudochain conidia were released from the conidiophores when exposed to wind speeds greater than 0.4 m/sec (data not shown).
Conidiophores in the colonies were observed using a high-fidelity digital microscope KH-2700 (Hirox, Tokyo, Japan) according to the method described previously (Matsuda et al., 2005) . In all colonies, conidiophores formed pseudochains with a different number of mature conidia according to their developmental stages; a maximum of four conidia were observed on conidiophores (four-cell pseudochains) (Fig. 1A) .
A total of 20 conidia were collected from different colonies selected at random, using an electrostatic insulator probe under the digital microscope (Nonomura et al., 2009) and inoculated onto leaves of 14-day-old seedlings of the wild tomato LA2172. Conidia from 12 colonies were prevented from forming haustoria by hypersensitive cell death at epidermal cells where the conidia attempted to penetrate (Fig. 1B) . In contrast, the remaining conidia developed colonies on the leaves (Fig. 1C) . These results indicated that two types of powdery mildew pathogens exist in the greenhouse tomato; namely, KTP-01 (Kashimoto et al. 2003) and KTP-02 (Seifi et al. 2012 ). colonies produced eight-cell pseudochains (Fig. 1D ), which were distinguished from the remaining colonies that formed four-cell pseudochains. We collected all conidia from the eight-cell pseudochains; these conidia were separable and highly germinative (Fig. 1E ). The present study revealed that one type of powdery mildew pathogen (which formed four-cell pseudochains) had prevailed in our greenhouse for several years before the pathogens forming eight-cell pseudo chains appeared.
We next eliminated pathogens forming four-cell pseudochains by planting the second wild tomato plants (LA1351), which were highly resistant to KTP-01 and -02 in our previous inoculation assay (data not shown) (June to August, 2012) . A total of 20 leaves forming single vigorous colonies were collected at random from the infected LA1351 plants and used for inoculation onto leaves of the third wild tomato LA1777. Based on this inoculation assay, tested colonies were classified into two types; conidia from 11 colonies were infectious and others were uninfectious towards LA1777. We purified the conidia of these two types through three single conidium isolations (on Moneymaker) and designated infectious conidia as KTP-03 and uninfectious conidia as KTP-04.
The nucleotide sequences of the ribosomal DNA internal transcribed spacer region (ITS) were compared to characterize two isolates; namely, KTP-03 and -04. DNA was extracted from the conidia according to the method described previously (Kashimoto et al., 2003) , and the ITS sequences were determined for phylogenetic analysis.
The nucleotide sequences obtained were deposited at the (Jankovics et al., 2008; Kashimoto et al., 2003; Seifi et al., 2012) , and therefore both isolates belonged to the clade O. neolycopersici. Based on these results, we assigned O.
neolycopersici KTP-03 and -04 as the new tomato powdery mildew pathogens.
